Introduction {#Sec1}
============

Respiratory tract infections (RTIs) are the most common reasons for admission to healthcare facilities and one of the leading causes of hospitalization \[[@CR1], [@CR2]\]. The viral pathogens in the etiology of RTIs became more detectable along with the improvement in molecular diagnostic methods in recent years. In adults, influenza virus, rhinovirus, adenovirus, respiratory syncytial virus (RSV), human coronavirus, and parainfluenza virus cause infections with considerable morbidity and mortality \[[@CR1], [@CR3]\], and in infants, RSV is the most common reason for RTIs among hospitalized patients \[[@CR4]\]. The antibiotic prescription rate was reported to be more than 60% despite the high proportion of viral etiology \[[@CR5]--[@CR8]\].

Unnecessary antibiotic administration in viral infections and antimicrobial resistance prompted the implementation of antimicrobial stewardship (AMS) programs. The "Implementing an antibiotic stewardship program" guideline by the Infectious Diseases Society of America (IDSA) suggested rapid viral testing for respiratory pathogens to decrease inappropriate antibiotic use \[[@CR9]\]. In this study, we aimed to describe the viral etiology in influenza-like illness (ILI) in children and adults and to show the benefit of new rapid molecular respiratory tests (MRT) in decreasing inappropriate antibiotic use.

Methods {#Sec2}
=======

Study population and design {#Sec3}
---------------------------

We designed the study according to the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) tool \[[@CR10]\]. We included consequent patients from inpatient and outpatient departments, who had moderate to severe ILI, and, therefore, needed further diagnostic evaluation between 1 January 2015 and 31 December 2016 in a 265-bed private hospital in Istanbul. Only the patients whom MRT was implemented for diagnosis were included in this study. MRT was introduced in our hospital in 2013, and the demand for MRT increased over the years. At the end of 2015, we enhanced our training on antimicrobial stewardship (AMS). The intervention consists of training physicians to increase awareness about MRT, highlighting antimicrobial resistance because of unnecessary antibiotic consumption at ad hoc meetings in each related department. Then, we compared our observations between the year 2015 and the year 2016.

This was a retrospective study performed by reviewing the patient charts. Clinical features of the patients, demographic characteristics, chronic diseases including malignant disorders, diabetes mellitus, chronic kidney and liver diseases, and detailed information about antibiotic and antiviral drugs during hospitalization were collected by the chart review. Complete blood count, C-reactive protein, and liver and kidney function tests were studied among all patients. Bacterial cultures (throat, sputum, blood, and urine) were obtained, and procalcitonin (PCT) was studied in all patients with suspicion of bacterial infection and/or in critical patients. Chest X-ray and lung computed tomography was done if lower respiratory tract infection (LRTI) was suspected.

Definitions {#Sec4}
-----------

ILI was defined according to the World Health Organization (WHO) and explained as an acute respiratory infection with fever of ≥ 38 °C and cough and with onset within the last 10 days \[[@CR11]\]. Inappropriate antibiotic use was defined as antibiotic use despite detection of virus without documented and/or suspicious bacterial infection. Antibiotic use duration was calculated as the duration of antibiotic use after the detection of virus in patients with inappropriate antibiotic use.

Diagnosis {#Sec5}
---------

For molecular detection and identification of respiratory viral pathogens, a U.S. Food and Drug Administration (FDA)-cleared multiplexed respiratory polymerase chain reaction (PCR) system (MRT), BioFire FilmArray (Idaho Technology, Salt Lake City, UT) which detects 17 viral respiratory pathogens (adenovirus, coronavirus HKU1, coronavirus NL63, coronavirus 229E, coronavirus OC43, hMPV, rhinovirus/enterovirus, influenza A, influenza A/H1, influenza A/H1-2009, influenza A/H3, influenza B, parainfluenza 1, parainfluenza 2, parainfluenza 3, parainfluenza 4, and RSV) and three bacteria (*Bordetella pertussis*, *Chlamydophila pneumoniae*, and *Mycoplasma pneumoniae*) was used according to the manufacturer's instructions. MRT yielded results within a few hours and the results were immediately reported to the physician of the patients by laboratory staff.

Data analysis {#Sec6}
-------------

In the statistical analysis, the *t*-test for continuous variables and the chi-square test for comparison of categorical variables were used. In the analysis, STATA 11 (StataCorp, College Station, TX) was used and a *p*-value \< 0.05 was set as being significant. The Institutional Review Board of Koç University approved the study (2015.172.IRB3.087).

Results {#Sec7}
=======

In total, 1317 patients whom MRT was implemented were included; 630 (48%) were inpatients and 569 (43%) were older than 16 years of age. At least one virus was detected in 747 (57%) patients and 359 (48%) of them were inpatients (Fig. [1](#Fig1){ref-type="fig"}). Among the patients who have viral pathogens in etiology, 211 (28.2%) were adult, and influenza A (52 of 211) (25%), rhinovirus/enterovirus (49 of 211) (23%), and influenza B (33 of 211) (16%) were the most commonly detected viruses. Among children, rhinovirus/enterovirus (182 of 536) (34%), adenovirus (92 of 536) (17%), influenza A (66 of 536) (12%), RSV (63 of 536) (12%), and influenza B (53 of 536) (10%) were the most commonly detected viruses (Fig. [2](#Fig2){ref-type="fig"}). In 71 patients out of 747 (9.5%), multiple viral pathogens were detected.Fig. 1Study population. ILI: influenza-like illness; LRTI: lower respiratory tract infectionFig. 2The most commonly detected viruses among all patients in whom at least one virus was detected. RSV: respiratory syncytial virus; hMPV: human metapneumovirus

The overall rate of LRTIs was 57% among inpatients. Among inpatients infected with RSV, the rate of LRTI was 91% in adults and 70% in children. Similarly, in hMPV infections, the rate of LRTI was 73% in adults and 60% in children (Table [1](#Tab1){ref-type="table"}).Table 1Clinical and laboratory findings in respiratory system infections caused by different viruses among adult and child inpatientsAdultChildrenNo. (%)Mean age (years)LRTI (%)FatalNo. (%)Mean age (years)LRTI (%)FatalRhinovirus/enterovirus20 (20)62.05 (SD = 22.45)11 (55%)079 (31)4.6 (SD = 3.97)29 (37%)0Adenovirus3 (3)37.7 (SD = 10.6)2 (67%)057 (22)4.09 (SD = 1.71)9 (16%)0Influenza A32 (32)52.9 (SD = 19.9)17 (53%)132 (14)4.84 (SD = 3.48)5 (16%)0Influenza B9 (9)49.7 (SD = 15.7)2 (22%)016 (6)5.25 (SD = 3.3)1 (6%)0RSV11 (11)75.2 (SD = 12.2)10 (91%)033 (13)2.24 (SD = 2.48)23 (70%)0Coronavirus11 (11)69.9 (SD = 16.1)5 (45%)117 (7)3.35 (SD = 1.87)3 (18%)0hMPV11 (11)59.9 (SD = 15.8)8 (73%)025 (10)3.16 (SD = 2.54)15 (60%)0Parainfluenza9 (9)69.4 (SD = 12.8)6 (67%)017 (7)2.35 (SD = 2.52)6 (35%)0Total101 (100)60.4 (SD = 19.4)57 (57%)2258 (100)3.9 (SD = 3.15)82 (32%)0RSV: Respiratory syncytial virus; hMPV: human metapneumovirus; LRTI: lower respiratory tract infection

In total, among hospitalized patients, antibiotics were continued inappropriately in 45% (160/359) of all inpatients, despite detection of the virus, but there was a reduction in 2016 when compared with 2015 \[51.3% (81/158) in 2015 and 39.3% (79/201) in 2016, *p* = 0.024\] (Table [2](#Tab2){ref-type="table"}). In children, the antibiotic continuation rate was 44.5% in 2015 and decreased to 28.8% in 2016 (*p* = 0.009); in adults, there was a decrease towards 2016 but this was not significant (Table [2](#Tab2){ref-type="table"}). The mean duration of inappropriate antibiotic use after the detection of virus decreased in both adults and children in 2016 when compared with 2015. The most commonly inappropriately used antibiotics were third-generation cephalosporins, quinolones, and second-generation cephalosporins.Table 2Antibiotic continuation details of inpatients with positive molecular respiratory tests (MRT)Children*p*-ValueAdults*p*-ValueBefore intervention (year 2015)After intervention (year 2016)Before intervention (year 2015)After intervention (year 2016)Inappropriate antibiotic use (%)53/119 (44.5)40/139 (28.8)0.00928/39 (72)39/62 (63)0.36Mean duration of inappropriate antibiotic use (days)6.5 (SD 3.1)4.6 (SD 2.0)\< 0.0019.7 (SD 7.3)6.2 (SD 3.7)0.007

Discussion {#Sec8}
==========

In our study, rhinovirus/enterovirus, influenza, and adenovirus were the most commonly detected viruses in the etiology of ILI. In a recent study by Jain et al. \[[@CR3]\], a population-based surveillance for community-acquired pneumonia among adults aged 18 years and older was conducted. Human rhinovirus, influenza A and B virus, and hMPV were the most commonly detected viruses in etiology. Influenza virus and rhinovirus were reported to be the most commonly detected viruses in both adults and children in Turkey \[[@CR12]\]. Among inpatients older than 16 years of age, 57% had LRTI, and influenza A, rhinovirus, RSV, and hMPV were the most common agents. Among children, 32% had LRTI, and rhinovirus, RSV, and hMPV were the most common agents (Fig. [2](#Fig2){ref-type="fig"}; Table [1](#Tab1){ref-type="table"}). Any effort targeted to reduce the unnecessary use of antibiotics in viral pneumonia could be useful in this era of antibiotic resistance.

Because of the high rate of inappropriate antibiotic prescription despite the availability of MRT, we decided to improve training sessions about the diagnosis and management of respiratory system infections at the end of 2015. Then, we performed an observational comparison between the practice in 2015 and 2016. There was a decrease in antibiotic use towards 2016 among all inpatients. However when analyzed separately, a significant reduction in children but not in adults was detected (Table [2](#Tab2){ref-type="table"}). The significant reduction of antibiotic use in children but not in adults could be explained by differences in physicians' experience in MRT. Despite the fact that there was a reduction in antibiotic use in children after the detection of virus, antibiotic prescription rates were still high. In a recent study, the impact of MRT on antibiotic use was investigated and it was seen that antibiotics were still continued in about 75% of the patients, despite the detection of virus. This finding was explained by being a new test \[[@CR13]\]. In another study, Afzal et al. \[[@CR14]\] reported that a positive result for MRT decreased antibiotic use duration and prescription rate but the decrease in antibiotic prescription was not statistically significant. Timbrook et al. \[[@CR15]\] studied MRT in combination with PCT and concluded that a lower level of PCT and detection of virus by MRT were not associated with decreased use of antibiotics in RTIs, but in another study, a lower level of PCT in combination with detection of virus was found to be associated with shortened duration of antibiotic usage \[[@CR16]\]. In a randomized controlled study, the effect of both MRT and PCT on antibiotic use was evaluated and the duration of antibiotic use was found to be decreased in cases of viral infection with lower levels of PCT \[[@CR17]\].

One of the strongest parts of our study was having the opportunity of ordering MRT whenever needed in routine clinical practice, so we reached a large sample size. We had the opportunity of getting the results of C-reactive protein, PCT, and MRT within a few hours, so we discriminated bacterial or viral etiology quickly. One of the limitations of this study was being conducted in a single center, but our center was unique for implementing this test in clinical practice. We are unique because MRT are still expensive to perform in routine clinical practice in other hospitals.

Future studies for rapid point-of-care testing for respiratory viruses might improve clinical care by reducing unnecessary antibiotic use \[[@CR18]\]. Future cost-effective studies for the implementation of MRT will be useful.

Conclusions {#Sec9}
===========

By using molecular rapid tests (MRT) in our hospital, inappropriate antibiotic use and also duration of inappropriate antibiotic use after the detection of virus was significantly decreased among inpatients. The treatment paradigm for respiratory tract infections (RTIs) is changing, but molecular viral diagnostic tests are in their infancy. It is time to increase the awareness of the viral etiology in RTIs and implement MRT in clinical practice.
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